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Introduction
Drowning is defined as a condition resulting in death due to complete submersion or immersion in water. Neardrowning is used to describe all submersions in water not ending in death in the first 24 hours but with accompanying morbidity, and which may give rise to adverse outcomes. Drownings are particularly common in children under 5 and in young adults (1, 2) . Asphyxia is responsible for morbidity resulting from near-drowning. The effect on the brain depends on the duration, intensity and timing of hypoxia. Hypoxia lasting for 4-10 minutes causes irreversible damage in the hippocampus, basal ganglia and cortex, while hypoxia lasting a few minutes longer results in persistent coma (3) . This report discusses therapeutic methods and complications in the light of the existing literature, in a 25-month-old case of near-drowning presenting with severe metabolic acidosis, severe hypoxemia and pulmonary edema.
Case Report
A 25-month-old boy was found by his family immobile in a trough full of water. It was unclear how long he had been submerged. The patient was ventilated with a balloon mask by the first aid team and brought to our pediatric emergency department. At initial examination, his body temperature was <36 °C, heart rate 120 beat/min, blood pressure 100/80 mmHg, and Glasgow Coma score (GCS) was 5. The pupils were isocoric, bilateral light reflex (+), and deep tendon reflex was normoactive. His respiration was superficial. The patient was intubated and admitted to the pediatric intensive care unit. He was placed on mechanical ventilator support at peak inspiratory pressure 15, positive-end expiratory pressure (PEEP) 5, pressure support ventilation (PSV) 7, FiO 2 100%, and respiration rate 25/min in synchronized intermittent mandatory (SIMV)+PS. Arterial blood gas analysis revealed pH 6.9, PaCO 2 38.1 mmHg, PaO 2 54 mmHg, HCO 3 : 8 mmol/L, and baz excess (BE) -1.7 mmol/L. Sodium bicarbonate deficit therapy and 0.45% NaCl+5% dextrose fluid were started. At follow-up after 1 hour, arterial blood gas was pH 7.20, PaCO 2 40 mmHg, PaO 2 75 mmHg, HCO 3 17 mmol/L, and BE -8.8 mmol/L. At the 8 th hour, pH was 7.49, PaCO 2 16.5 mmHg, PaO 2 137 mmHg, HCO 3 17 mmol/L, BE -10.4 mmol/L, and lactate 30 mg/dL. Blood gases improved gradually and returned to normal limits in 8 hours. The blood count showed Hb 12.4 g/dL, hematocrit 37.4%, leukocytes 27.610 mm 3 , and platelets 58.5000 mm 3 . According to biochemical examinations, sodium was 132 meq/L, potassium 2.6 meq/L, glucose 132 mg/dL, alkaline phosphatase 29 U/L, aspartate aminotransferase 51 U/L, urea 20 mg/dL, creatinine 0.47 mg/dL, calcium 9.41 mg/ dL, and Pediatric Risk of Mortality III score was 22. No findings of hemolysis were observed in peripheral blood smear. Coagulation tests revealed prothrombin time as 14.3 sec., activated partial thromboplastin time 135 sec., and international normalized ratio as 1.23. Fresh frozen plasma replacement was administered, and the coagulation tests gave normal results following the replacement. A loading dose of phenytoin of 20 mg/kg was given due to convulsion during admission, with maintenance of phenobarbital 5 mg/kg. Sedation/analgesia was induced with fentanyl and midazolam infusion. Bilateral, diffuse, homogeneous pulmonary edema was observed at posteroanterior chest X-ray ( Figure 1 ). Control X-ray after 12 hours on invasive mechanical ventilation support showed that expansion had begun in the lungs, and that bilateral homogeneous infiltrations had decreased but still persisted (Figure 2 ). Clinical and laboratory follow-ups were performed close to the invasive monitor, and the patient was removed from the invasive mechanical ventilator after 48 hours. Cranial computerized tomography performed to exclude cerebral edema was reported as normal.
Suprasternal and intercostal retractions occurred following extubation, and the patient was started on inhaled adrenaline, cold vapor and systematic dexamethasone. The respiratory problems had resolved entirely by the seventh day of hospitalization, no neurological deficit remained, and the patient was removed from intensive care. Cognitive functions were at normal levels for his age at one-month follow-up post-discharge. Written consent was obtained from the patient's parents.
Discussion
Neurological injury occurring as a result of hypoxemia and ischemia is the primary cause of mortality and morbidity in cases of drowning and near-drowning. Aspiration of salt or fresh water leads to hypoxemia with the formation of alveolar-capillary oxygen difference. The degree of hypoxia depends on several factors, such as duration of submersion, water temperature, the patient's age, early initiation of advanced life support, and time to admission to the emergency department and intensive care. Previous studies have generally compared prognosis with water temperature and the duration of submersion. Many studies have reported that good outcomes are associated with the duration of submersion and the patient's age (4, 5) . In one retrospective study, Quan et al. (4) examined 2628 cases of drowning and observed that better outcomes were obtained in drowning lasting up to 10 minutes, at a level of 34% (95% confidence interval 1.01-1.79), in children aged 0-4 years. The authors have emphasized that the outcomes may be poorer in subjects submerged for longer than 10 minutes, and that rescue and resuscitation efforts need to be revised. However, since durations of submersion depend on witness estimates, comparison with more rational values determining prognosis (such as pH, lactate levels, neuron-specific enolase, plasma glucose levels, and cardiac troponin I) may elicit more reliable findings (6, 7) .
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Studies concerning water temperature have reported inconsistent findings. Tipton and Golden (8) reported that low water temperature was associated with better outcomes, while Quan et al. (4) determined no relation between water temperature and outcome. Our patient was found in water with a temperature above 4 °C. Although the duration of immersion was uncertain, he had drowned in such a way as to rise to the surface of the water. Respiration was superficial when the patient was found, he was not intubated by the first aid team, and he was brought to the emergency department with respiration support via positive pressure mask. Hypoxemia findings, severe metabolic acidosis, bleeding diathesis, convulsion and loss of consciousness were observed on arrival at the emergency department. Pulmonary symptoms may assume various forms in cases of drowning and near-drowning. Patients may be entirely asymptomatic, or may exhibit clinical findings even including pulmonary edema and acute Respiratory Distress syndrome. Pulmonary edema in our case was determined clinically and radiologically (Figure 1 ). We applied fluid restriction, the amount of fluid to be given being adjusted on the basis of blood pressure, hourly urine output and central venous pressure, after which the patient was started on diuretic therapy. PEEP was applied at a level of 5 cm/H 2 0 in SIMV+PS mode with conventional mechanical ventilation. Optimal benefit was obtained from PEEP , and the patient was successfully removed from the mechanical ventilator after 48 hours. Ampicillin-sulbactam therapy was initiated due to the patient's being intubated, the fact that the manifestation of pulmonary edema could not be completely differentiated from pneumonia, and because the incident had taken place in a trough used for watering animals. No growth occurred in tracheobronchial aspirate cultures at follow-up, and pneumonia did not develop. This was in agreement with studies showing that drowning in polluted, fresh or salt water does not have an impact on the outcomes (9) . Other systemic complications of near-drowning include hypothermia, metabolic acidosis, electrolyte imbalance, hemolytic anemia and hypo-and hypervolemia. Hypothermia is a commonly encountered condition in cases of drowning and near-drowning. It is particularly significant in terms of causing impairment of heart functions. However, rapid-onset hypothermia is also known to have a protective effect on the central nervous system (CNS). We think that hypothermia played a role in our patient's recovery without neurological sequelae. We also think that our patient's being very young, and therefore having good neuronal plasticity, also contributed to his protection against hypo-hyperglycemia, hypohypertension and hypo-hyperoxemia. The CNS indisputably undergoes the most significant damage in hypoxemia. Bradycardia, submersion exceeding 10 minutes in duration, GCS being <5, blood glucose level >300 mg/dL and a lactic acid level on the first day of >6 mmol/L are regarded as poor prognostic indicators in cases resulting in death or severe neurological deficit (10) . In conclusion, incidents of drowning or near-drowning represent an important cause of hypoxic brain damage frequently seen in the summer months. Since the duration of hypoxemia is an important factor in determining prognosis, basic life support training needs to be given to all individuals responsible for child care in order for them to be able to intervene promptly and appropriately. In addition, advanced life support courses need to be made more available in order to overcome gaps in knowledge and skills on the part of first aid teams performing initial procedures and of all emergency personnel. Care must be taken over fluid electrolyte and the acid-alkali balance through invasive arterial and venous monitoring in intensive care management, and metabolic acidosis must be corrected. PEEP is highly effective, in addition to protective mechanical ventilation strategies, in resolving pulmonary edema in those cases in which it develops.
